SUMMARY -The nucleolus organizing regions (NORs) were detected on mitotic chromosomes of the freshwater planarian Dugesia sicula Lepori, by the in situ fluorescence technique (FISH). The results show that ribosomal DNA ( rDNA) sequences are located on medium-sized chromosomes, at telomeric positions. The application of the in situ hybridization method, which enables the molecular arrangement of specific DNAs to be visualized on the chromosomes, improves the karyotypic characterization in planarians and is of interest in a cytogenetic and cytotaxonomic perspective.
INTRODUCTION
Freshwater planarians show a wide range of karyological phenomena such as polyploidy, aneuploidy as well as occurrence of B-chromosomes. In the past, this karyological variation was extensively investigated from a cytogenetic and cytotaxonomic point of view by classical karyometric analyses (BENAZZI 1982) Recently, a more reliable identification of the individual chromosomes was obtained by the application of different banding methods. In particular, the cbanding technique has produced species-specific patterns of heterochromatin distribution on planarian chromosomes, that are informative for understanding the karyological events that have accompanied speciation in these organisms (BATISTONI et al. 1995; . With the aim of bridging morphological and molecular information, the techniques of non radioactive in situ hybridization have matured in recent years to procedures that have been successfully applied in a number of differ ent organisms. These methods, together with the availability of obtaining cloned DNA fragments, have significantly improved the resolution of cytogenetic analysis as well (cf. BUCKLE and KEARNEY 1994; JOOS et al. 1994) . In this framework, we have localized the nucleolus organizing regions (NORs) on the chromosomes of Dugesia sicula Lepori (1948) , by using an improved in situ fluorescence hybridization procedure.
MATERIALS AND METHODS
The present work deals with Dugesia sicula Lepori (D. gonocephala group). The specimens here analyzed belong to two fissiparous populations, collected in two different Italian regions: Sicily (Alcantara river), and Sardinia (Rio Gutturu Mannu). Chromosome preparations were obtained from regenerating caudal fragments, according to routine procedures. The insert of pUC18 plasmid, containing D. tigrina 18S rDNA (a kind gift from Dr. M. Riutort), was random primed digoxygenin (DIG)-labelled according to Boehringer Mannheim protocols and used as a probe for fluorescence in situ hybridization (FISH). The following in situ hybridization protocol emerged as the optimal one for planarian chromosomes. The slides were pretreated with RNase A (100 ììg/ml) for one hour at 37°C. Successively, protease treatment was done with 4 mg/l pepsin in 10 mM HCl, for 10 minutes at room temperature. In situ hybridization was performed with 2 ng/ ìl DIG-labelled insert of D. tigrina 18S clone, in a hybridization mixture containing 50% formamide, 2 X SSC (1 X SSC = 0.15 M NaCl, 0.015 M sodium citrate), 10% dextran sulfate and 50 mg/ml tRNA. 20 ìl of the probe solution were applied to each slide and heat-denatured simultaneously with target sequences under a coverslip for 2 min at 80°C, after which hybridization was allowed to take place overnight at 37°C in a moist chamber with 50% formamide and 20 X SSC. After hybridization, the slides were washed twice for 10 min in 2 X SSC plus 50% formamide at 37°C and maintained in PBS buffer for immunocytochemical detection, that was done according to the Boehringer Mannheim instructions. The slides were mounted in counterstaining working solution, freshly prepared with 3 ììg/ml propidium iodide in Vectashield (Vector Labs.) antifading medium. Chromosomal preparations were examined with a Zeiss photomicroscope, equipped with an epifluorescence system; photographs were obtained with Kodak Ektachrome 800/1600 film.
RESULT AND DISCUSSION Using the described FISH protocol, in which 18S rDNA was employed as an in situ probe, we were able to localize the regions containing ribosomal DNA on the chromosomes of Dugesia sicula. Typically, the karyotype of D. sicula consists of 9 biarmed pairs of chromosomes, gradually decreasing in length (2n = 18, n = 9; cf. BENAZZI 1982), but triploid or aneutriploid populations have been also found (RIBAS et at. 1988; PALA et at. 1995) . The specimens used in this study had a constant chromosome complement of 27 + 2-3 B-chromosomes. Fig. la shows that ribosomal genes are clustered in multiple chromosomal toci, at telomeric positions. In fact, three similar medium-sized chromosomes of the set, tentatively indicated as triplet 5, show bright hybridization signals on both telomeres. In addition, two weaker hybridization spots, probably representing minor rDNA loci, have been localized on one telomere of two other chromosomes of similar size, that we refer to as pair 6. Owing to the technique employed, very faint hybridization signals resulted as being unrecognized; nevertheless, no interindividual variation in the location of the rDNA genes was observed in the examined specimens. In line with the presence of multiple NORs, interphase nuclei showed a variable number of bright spot signals, ranging from 4 to 6, suggesting that various ribosomal sites can associate during interphase (Fig. 1b) . These data give valuable information on the molecular structure of planarian chromosomes and, moreover, they provide useful chromosomal markers on which to base comparative cytogenetics among differently related species. Our preliminary results in other planarian species (data not shown) demonstrate the presence of variable numbers of rDNA toci, constantly located at telomeric positions and it is possible that this preferential localization of the ribosomal sequences may represent a conservative character of planarian karyotypes.
